The reaction was performed under dry conditions and Argon atmosphere. Dioxane was filtered on an alumina column to remove the peroxides and degassed under vacuum. 4,4'-Dithiobutyric acid (DTBA, 400 mg, 1.67 mmmol, 1 eq) and NHS (422 mg, 3.67 mmol, 2.2 eq) were dissolved in 12 ml of dioxane. 4 ml of a DCC (756 mg, 3.67 mmol, 2.2, eq) solution in dioxane were slowly dropped in the reaction mixture and left, under vigorous stirring, at room temperature for 8 hours. The solvent was evaporated at reduced pressure and the obtained product dissolved in Et 2 O-Acetone (1:1) solution. The mixture was filtrated to remove the white insoluble solid and the 4,4′-Dithiodibutyroil NHS ester was recovered evaporating the solvent at reduced pressure. The product was directly used for the next step without any further purification. 
Synthesis of 4,4′-Dithiodibutyroil

OH
Glucosamine hydrochloride (825 mg, 3.84 mmol, 2.3 eq) was dissolved in 4 ml NaOH 1M. 22 ml MES (0.1M) buffer were added to the solution. 4,4′-Dithiodibutyroil NHS ester (691 mg, 1.59 mmol, 1 eq) was dissolved into 42 ml anhydrous DMF and added to the glucosamine solution. After 1 h reaction the solvent was evaporated at reduced pressure. The crude was suspended in 2 ml of water, and the white insoluble solid removed by filtration. The product was purified by mean of size exclusion chromatography. 
C NMR (101 MHz
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S4. Au NPs synthesis
General procedure
A water solution of HAuCl 4 ·3H 2 O (7.5 ml, 10 mM), sodium citrate (9 ml, 68 mM), and AgNO 3 (490 μl, 5.9 mM) was prepared and mixed at room temperature for 6 minutes. 2 The pre-incubated mixture was then mixed with 250 ml of water at 100 °C. The mixture was stirred at 750 rpm for 1 h. Afterwards the reaction solution was left to cool to room temperatureroom temperature and 5 ml of glycerol was added. After 10 minutes a second mixture of HAuCl 4 (7.5 ml, 10 mM), sodium citrate (10 ml, 34 mM) and AgNO 3 (426 μl, 5.9 mM) was pre-mixed for 6 minutes and then added to the reaction solution, immediately followed by a hydroquinone solution (8 ml, 91 mM). Then, the colloidal solution was left to react for 1h, stirring at 750 rpm. The obtained Au NPs were directly functionalised without any further concentration or purification.
Synthesis of Au-MSA NPs
Au-MSA NPs were obtained by adding (under argon atmosphere) 22 mg of mercapto succinic acid and 8 mg of H 2 N-PEG 5000 -SH, dissolved in 5 ml of MilliQ water, to the gold colloidal solution. The ligand proportions were calculated to obtain 10% of the NPs surface covered with PEG, considering a foot print of 5 nm 2 for H 2 N-PEG 5000 -SH and a footprint of 0,5 nm 2 for mercapto succinic acid. [3] [4] [5] The foot print was calculated by computational modelling. The reaction mixture was allowed to stir for further 48 hours at room temperature The functionalised Au NPs were purified and concentrated to a final volume of 10 ml S5 using Amicon centrifugal filter units. The purification of the system was completed using dialysis tubes with a cut-off of 10 kDa (48 hours, 6 changes of water).
Synthesis of Au-Glucosamine NPs
Au-Glucosamine NPs were obtained by adding (under argon atmosphere) 25 mg of 4-thiobutyl glucosamide and 5 mg of H 2 N-PEG 5000 -SH, dissolved in 5 ml of MilliQ water, to the gold colloidal solution.
The ligands proportions were calculated to obtain 10% of the NPs surface covered with H 2 N-PEG 5000 -SH, considering a foot print of 5 nm 2 for H 2 N-PEG 5000 -SH and a footprint of 0.5 nm 2 for 4-thiobutyl glucosamide. [3] [4] [5] The reaction mixture was allowed to stir for further 48 hours at room temperature The functionalised Au NPs were purified and concentrated to a final volume of 10 ml using Amicon centrifugal filter units. The purification of the system was completed using dialysis tubes with a cut-off of 10 kDa (48 hours, 6 changes of water).
Synthesis of Au-PEG 5000 NPs
Au-PEG 5000 NPs were obtained by adding (under argon atmosphere) 27.5 mg of H 2 N-PEG 5000 -SH and 2.5 mg of H 2 N-PEG 5000 -SH, dissolved in 5 ml of MilliQ water, to the gold colloidal solution. The ligand proportions were calculated to obtain 10% of the NPs surface covered with H 2 N-PEG 5000 -SH, considering a foot print of 5 nm 2 for both the PEG molecules. [3] [4] [5] The reaction mixture was allowed to stir for further 48 hours at room temperature The functionalised Au NPs were purified and concentrated to a final volume of 10 ml using Amicon centrifugal filter units. The purification of the system was completed using dialysis tubes with a cut-off of 10 kDa (48 hours, 6 changes of water).
Synthesis of Au-Alkyl-PEG 600 NPs
Au-Alkyl-PEG 600 NPs were obtained by adding (under argon atmosphere) 23.5 mg of HS-Alkyl-PEG 600 -butanamide and 6.5 mg of H 2 N-PEG 5000 -SH, dissolved in 5 ml of MilliQ water, to the gold colloidal solution.
The ligands proportions were calculated to obtain 10% of the NPs surface covered with H 2 N-PEG 5000 -SH, considering a foot print of 1.5 nm 2 for HS-Alkyl-PEG 600 -butanamide and of 5 nm 2 for H 2 N-PEG 5000 -SH. [3] [4] [5] The reaction mixture was allowed to stir for further 48 hours at ROOM TEMPERATURE The functionalised Au NPs were purified and concentrated to a final volume of 10 ml using Amicon centrifugal filter units. The purification of the system was completed using dialysis tubes with a cut-off of 10 kDa (48 hours, 6 changes of water). 
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S5. Au NPs characterisation
S6. Labelling of the Au NPs with ATTO550 NHS ester
The buffer employed to perform the fluorescent labelling was prepared bymixing 20 parts of a PBS buffer (Phosphate-Buffered Saline, pH 7.4) with 1 part of 0.2 M NaHCO 3 solution, adjusted to pH 9.0 with 2 M NaOH. The labelling buffer should have a pH of 8.3, optimal for the reaction. 3mg of Au NPs have been dissolved into 2 ml of buffer. 1.5 eq of ATTO550 NHS ester (stocked in 1 mg/ml DMSO Dry solution) was added for each free amino groups present in the reaction mixture. The mixture was sonicated for the first 10 minutes and then let to react for 1 h at ROOM TEMPERATURE under vigorous stirring. The excess of ATTO550 NHS ester was removed by centrifugal filtration on Amicon centrifugal filters (30 kDa cut-off).
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The purification of the labelled Au NPs was completed using dialysis tubes with a cut-off of 100 kDa (48 hours, 6 changes of water). 
S7. Characterisation of fluorescent labelled Au NPs
S8. Au NPs Hydrodynamic diameter in water Fluorescence correlation spectroscopy (FCS)
The procedure applied to determine Au NPs hydrodynamic radius in water solution is comprised of 3 steps (Scheme S1): Step 1: Consist in the calibration of the instrument. Prior to each session of measurements 50 nM solution of a dye with known diffusion coefficient has been employed for the determination of the structural parameter of the system. The correlogram of the solution was registered and the autocorrelation functions G(τ) was fitted following a 3D diffusion model that can be denoted as:
Where the factor g1(τ) is correspondent to:
The background correction is calculated like:
I is the intensity of the signal and B is background intensity. The parameters involved in the function are: -G∞: offset of the correlation function -N: overall particle number (including currently dark particles, for example in triplet state) -Θtrip, θnon: fractions of the particles in one of the first two non-fluorescent states -τtrip, τnon: decay times of the first two non-fluorescent states -ρ1,ρ2,ρ3 (ρ1=1-ρ2-ρ3): fractions of the three diffusing components -τdiff,i: diffusion decay time of the ith diffusing component -= : structural parameters of the instruments that represent the ratio of the Gaussian used to approximate the focus -ωxy: lateral half axis of the focus -z0: longitudinal half axis of the focus -cps: average background corrected intensity during the measurement
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We chose Rhodamine B to perform the calibration, that is reported in literature to have a diffusion coefficient of 420±30 μm 2 /s. 7 Knowing that the diffusion coefficient is equal to:
and imposing τ D value inside a first order fitting model, we derived the values of γ and ωX, Y that describes the geometrical properties of the focal volume. For our system, the γ value was typically comprised between 5 and 7, ωX, Y between 200 and 300 nm.
Step Step 3: Finally the auto-correlogram of the fluorescent nanoparticle solution (100 µg/ml) can be registered. The fitting of the auto-correlation function was performed employing a 3D diffusion model and considering 2 diffusing species: in fact despite the purification procedures a fraction of free diffusing dye was still detected in the samples. The two component fitting was chosen considering the statistical improvement. It is important to underline that this free fraction was always overestimated. In fact gold nanoparticles quench the dye molecules directly attached to their surface while enhance the fluorescence of the free dye fraction diffusing in their proximity 48 . The parameters of γ, ω xy , τ trip and the τ D of the first specie were fixed to the values experimentally determined from steps 1 and 2. The fitting function will return the value of τ D2 ,corresponding to the diffusion time of the second specie present in solution (in our case the labelled gold nanoparticles). From the fitting function is possible to calculate also the fractions of the two populations composing the sample (residual free dye and labelled Au NPs). At the end , once derived the diffusion coefficient, employing Stoke-Einstein equation is possible to calculate the hydrodynamic radius of the NPs (Table S5) . 
TEM FCS
Dynamic light scattering (DLS)
The hydrodynamic diameter of the Au NPs has been measured by mean of DLS, employing not fluorescent Au NPs. For each nanoparticle, 3 independent measurements were performed and mediated. In Table S6 are reported the diameter values for each nanoparticle, correlated with standard deviation and diameter increase in respect to the metallic core (obtained by TEM micrographs). The values are reported in terms of volume abundance and the standard deviation is referred to the half amplitude of the Gaussian dimensional distribution. 
UV-visible
From the UV-vis spectra is possible to determine the diameter of the NPs, by using the following formula:
Where A spr is the absorbance of the plasmonic peak A 450 is the absorbance at 450 nm and B 1 and B 2 are experimentally determined values (B 1 = 3,55 and B 2 =3,11) 6 .
The diameter of the Au NPs has been measured with non fluorescent Au NPs. In Table S7 S9. Au NPs hydrodynamic diameter in full RPMI cellular medium.
Fluorescence correlation spectroscopy (FCS)
Stock solutions of ATTO550 labelled Au NPs with a concentration of 1mg/ml were prepared with a 10% in volume of FBS. The FCS measurements were registered 10 min, 20 min, and 1h after the mixing of the solutions. Each sample of NPs was measured in 3 independent experiments, comprised by 10 runs of 10 seconds each one. As comparison, a FCS measurement was performed on bare NPs. Prior to each FCS measurement the solutions were sonicated for 5 min and double filtered on 0.22 m regenerate cellulose syringe filters. This operation helps to remove the excess of free fluorophore that can remain electrostatically attached to the surface of the Au NPs. To perform the FCS measurements 25 μl of Au NPs were dissolved in 225 μl of a solution of phenol red free RPMI, enriched NPs in RPMI. For each measurement session 50 nM water solutions of Rhodamine B and of ATTO550 were measured to determine the structural parameter and the diffusion coefficient of the free dye. The diffusion coefficient of proteins was determined mixing 25 μg of FBS with a 50 nM solution ATTO550 in RPMI.
The procedure applied to determine Au NP hydrodynamic radius in full RPMI medium is comprised of 4 steps (1 st and 2 nd are identical to the procedure applied for Au NP water solutions)(Scheme S2). Scheme S2. Flow chart of the procedure for the FCS data elaboration in protein solutions.
Step 1: Calibration of the instrument. Registration of the correlograms of a 50 nM Rhodamine B solution with known diffusion time and determination of the structural parameter of the system (γ and ω X,Y ).
Step 2: Measurement of the free diffusing dye (ATTO550). Fixing the previously obtained values of γ and ω X,Y in the fitting model, is possible to derive the values of τ trip, τ D typical of the fluorophore.
Step 3: The auto-correlogram of a mixture of ATTO550 solution in RPMI with a 10% of FBS has been registered. The fitting of the autocorrelation function is performed employing a 3D diffusion model and considering 2 diffusing species. The parameters of γ, ω xy , τ trip and the τ D of the first specie were fixed to the values experimentally determined from steps 1 and 2. The fitting function will return the value of τ D2 , corresponding to the diffusion time of the second specie present in solution (in this case the protein mixture). From the fitting function is possible to calculate also the fractions of the two populations composing the sample (residual free dye and proteins).
Step 4: Finally the auto-correlogram of the fluorescent nanoparticle solution (100 µg/ml) in 10% of FBS (RPMI solution) can be registered at different time points. The fitting of the auto-correlation function is performed employing a 3D diffusion model and considering 3 diffusing species. The parameters of γ, ω xy , τ trip , τ D1,and τ D2 of the first and second species were fixed to the values experimentally determined from steps 1, 2 and 3. The fitting function will return the value of τ D3 ,corresponding to the diffusion time of the third specie present in solution (corresponding to the adducts between proteins and Au NPs). From the fitting function is possible to calculate also the fractions of the three populations composing the sample (residual free dye, free proteins and AuNP-Protein adducts). Employing eq. 12 is possible to derive, from the diffusion time, the diffusion coefficient and substituting the last one in Stoke-Einstein equation the hydrodynamic radius.
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Dynamic light scattering (DLS)
To perform the DLS study of PC formation, 50 μl of not fluorescent Au NPs (1mg/ml) were dissolved a solution of phenol red free full RPMI. The NPs were incubated for 10 min, 20 min, and 1h at 37 °C. The experiments were performed registering for each NP 3 tracks at 37 °C, each one composed of 10 runs of 10 seconds. The system was allowed to equilibrate for 2 min prior to each measurement. The data were analyzed employing Zetasizer software from Malvern and reported in terms of volume abundance. The resulting correlograms are reported in Figure S13 . Simply comparing the normalized correlograms of the NPs at different time points is possible to distinguish which of them are less inclined to interact with the proteins. In fact it is possible to appreciate that the correlograms of Au-MSA NPs and Au-Glucosamine NPs in FBS solutions show large shifts in the lag time during the incubation period indicating hydrodynamic dimensions increase. Instead for Au-PEG5000 NPs and Au-Alkyl-PEG600 NPs correlograms the shifts are reduced indicating a lower affinity between the coating and the proteins. 
UV-visible
To perform the UV-vis study of PC formation, 50 μl of not fluorescent Au NPs (1mg/ml) were dissolved a solution of phenol red free full RPMI (10% FBS). The NPs were incubated for 1 and 24 hours at 37 °C. The experiments were performed in triplicate at 25 °C. A UV-vis spectrum of bare NPs in RPMI has been registered. A solution of full RPMI was employed as baseline. Equation 1 was employed to derive the Au NPs diameters and the results are summarized in Figure S14 . The plasmonic peak shift has been monitored during the observation time. The increase in the wavelength can be directly correlated with a growth in the gold structure dimensions. The smallest shift was observed for Au-Alkyl-PEG 600 NPs ( Figure S15 orange line) , showing a increment of only 0.5 nm after 24 hours of incubation. 
S10. FCS measurements in living cell
FCS measurements were done on at least 3 cells recording 20 runs of 10 second each in 8 distinct area inside the cell: 2 in the cytoplasm; 2 in the endoplasmatic and whenever visible, 2 in brighter spots near to the membrane (endocytic vesicles) and 2 in brighter spots near to the nucleus (intracellular vesicles). Moreover 1 experiment was performed on/close to the membrane and 1 on/close the nucleus. Tracks were at first screened one-by-one to remove tracks showing bleaching, low signal and visible aggregates (see Fig. S17 ). FCS experiments performed on/close to membrane and nucleus shown poor/no correlation and the registered diffusion times were associated to proteins (τD <500 µs) rather than NPs (Fig. S18) . For these reason the nucleus and membrane were excluded from the regions of interest in the data elaboration. The remaining tracks were fitted one-by-one by QuickFit 3.0 software 7 using a 3D Normal diffusion Fit model. The fit algorithms used were in order, Simulated Annealing with box constraints and the Levenberg-Marquardt Algorithm with box constraints with one non-fluorescent state and 2(or 3) diffusing components. Considering the decay time (τ D, µs) of the most abundant specie (fraction Φ>0.5), the tracks were grouped as follow: 500< τ D (µs) < 1500; 1500< τ D (µs) < 3000; 3000< τ D (µs) < 6000; τ D (µs)>6000). The average track was fitted again and the average decay time with the correspondent standard deviation calculated. The procedure was repeated for each measurement of each cell compartment. Finally decay times were averaged per compartment considering all cell replicates referring to the above-mentioned decay times grouping. The percentage of tracks representative of the species decaying with the latter diffusion times were calculated over the total of the good tracks analyzed in all cell replicates. The obtained results are summurized in Figure S19 and S20. Au-PEG5000* NPs 500<τD(µs)<1500 1500<τD(µs)<3000 3000<τD(µs)<6000 τD(µs)>6000 Figure S20 . Histograms of the mean diffusion times for each region of interest (obtained after the grouping of the traves in the four classes of diffusion times). Each histogram reports the results for Au-MSA* NPs, Au-Glucosamine* NPs, Au-PEG 5000 * NPs and Au-Alkyl-PEG 600 -C4H9* NPs at 30 minutes and 1 hour of incubation. BS1=bright spots 1; BS2= bright spots 2; ER=Endoplasmatic reticulum; CYT=Cytoplasm.
A control has been performed incubating free ATTO550 with A549 cells. To perform FCS on live cells, 10.000 A549 cells were seeded on Nunc TM Lab-Tek Chambered Coverglass (purchased from Thermo Fisher Scientific) and grown in a humidified atmosphere at 37 °C with 5% CO 2 for 24 hours. The cells were incubated with 7 nM solution of ATTO550 NHS ester for 30 and 60 minutes. The cells were washed twice with warm PBS. To perform the experiments on living cells, they were kept in Hepes 10 mM. The data were analyzed as presented above. Due to presence of several traces presenting τ D < 500 µs, a fifth group of traces was considered. Almost the totality of the traces presents diffusion times lower than 500 µs or higher then 6000, ascribable respectively to the dye interacting with proteins or with cellular machinery (Table S8 and Table S9 ). The diffusion free dye showed a diffusion time distribution and intracellular trafficking completely different from the labelled Au NPs. Figure S24 Confocal micrographs of A549 cell treated by Au-PEG 5000 * NPs for 30 min and the correlograms related to the marked spot. For each spot 20 tracks were recorded, screened for the diffusion time and grouped according to the class of diffusion times they belonged to. The average of those tracks were fit and the fit data are reported below. Fit were done by QuickFit 3.0 by a 3D Normal Diffusion model with two diffusing components. In the statistical distributions in Fig. 8 and 9 were included only the components with fraction ρ>0.5. Confocal micrographs of A549 cell treated by Au-Glucosamine* NPs for 30 min and the correlograms related to the marked spot. For each spot 20 tracks were recorded, screened for the diffusion time and grouped according to the class of diffusion times they belonged to. The average of those tracks were fit and the fit data are reported below. Fit were done by QuickFit 3.0 by a 3D Normal Diffusion model with two diffusing components. In the statistical distributions in Fig. 8 and 9 were included only the components with fraction ρ>0.5. Figure S27 Confocal micrographs of A549 cell treated by Au-MSA* NPs for 30 min and the correlograms related to the marked spot. For each spot 20 tracks were recorded, screened for the diffusion time and grouped according to the class of diffusion times they belonged to. The average of those tracks were fit and the fit data are reported below. Fit were done by QuickFit 3.0 by a 3D Normal Diffusion model with two diffusing components. In the statistical distributions in Fig. 8 and 9 were included only the components with fraction ρ>0.5.
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